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INTRODUCTION
Selenium has long been known to occur in sandstone-type uranium deposits. For example, Hillebrand, Merwin, and Wright (1914, p. 35) reported the discovery of selenium in uranium-vanadium ore samples from the Thompson's district in eastern Utah, the Henry Mountains in Utah, and in samples said to come from Paradox Valley, Montrose County, Colo. Further investigation of this relationship has been made by the U.S. Geological Survey as a part of a continuing study of the geology and geochemistry of selenium. In this report are gathered new data that have become available as a result of this study; a good deal of older data derived from studies of uranium deposits made by other members of the Geological Survey; and some background geological information of the deposits from which selenium analyses are available. Cl
C2 CONTRIBUTIONS TO ECONOMIC GEOLOGY
Only oxidized sandstone-type deposits and not all of these are discussed in this report. For example, the Colorado Plateau and the Gas Hills, Wyo., deposits are not considered, for the distribution of trace metals (including selenium) in deposits in these areas is being carefully studied by other workers of the Geological Survey.
Conclusions drawn in this report regarding the relationship of selenium to other constituents of the deposits are only tentative because many factors playing a part in the emplacement and localization of uranium deposits in sandstone, and the selenium which accompanies uranium in many of these deposits, are poorly or not at all understood. Moreover, the relations in oxidized deposits often are dependent upon earlier relations still being studied in the unoxidized counterparts of oxidized deposits.
ANALYTICAL METHODS
The methods of analyses for selenium used to obtain the data used in this report are of two types. Throughout this report these methods will be called the laboratory method and the field method. Both methods employ the well-known distillation of selenium with hydrobromic acid.
The laboratory method is that used for the determination of selenium in foods, and is described in "Official Methods of Analysis of the Association of Official Agricultural Chemists" (Lepper and others, 1952, p. 416-421) . In this method selenium is determined by a microtitration. The field method is identical except that for the final step of the laboratory method visual estimation of selenium content as described by Franke, Burris, and Hulton (1936, p. 435 ) has been substituted. Results provided by the laboratory method are considered to be correct within an error of ± 10 percent; those provided by the field method within an error of ±35 percent (H. W. Lakin, oral communication, 1957) .
Methods of uranium analysis are now well known, and need not be discussed here (Grimaldi and others, 1954) .
All the analytical data presented in this report have come from work done by personnel of the Geological Survey. Uranium and selenium analyses have been made in the Geological Survey's laboratories in Denver, Colo., and Washington, D.C.
OXIDIZED SANDSTONE-TYPE URANIUM DEPOSITS
Oxidized sandstone-type uranium deposits are known in rocks ranging in age from the Paleozoic through Cenozoic Eras, and selenium analyses are available for samples from deposits in Devonian, Pennsylvanian, Permian, Triassic, Cretaceous, Eocene, Miocene, and Pliocene rocks. In this report, deposits are discussed according to the age of the host rocks, the deposits in the oldest rocks being discussed first.
DEPOSITS IN PALEOZOIC ROCKS
Sandstone-type uranium deposits are known in Paleozoic rocks in Pennsylvania, Oklahoma, Texas, and New Mexico. Locations of the deposits discussed here are shown on figure 1. The deposits in eastern Pennsylvania are in formations of Devonian and Pennsylvanian age; those in Oklahoma in rocks of Permian age; and those in New Mexico in rocks of Pennsylvanian and Permian age. Most of these deposits are in fluvial sandstone.
JIM THOKPE (MATTCH CHUNK), PA.
The uranium deposits near Jim Thorpe (Mauch Chunk), Pa., (fig. 1 ) contain vanadium and copper, and occur in coarse graywacke conglomerate near the base of the Pottsville Formation of Pennsylvanian age on the north limb of a syncline, and in graywacke sandstone near the top of the Catskill Formation of Devonian age on the south limb of the same syncline (Klemic and Baker, 1954) . The deposits 8 miles north of Jim Thorpe at Penn Haven Junction are in the upper part of the Catskill Formation, probably at about the same stratigraphic horizon as those in the Catskill Formation near Jim Thorpe. Deposits of uranium minerals are disseminated in lenticular masses a few to several hundred feet across. Uranium minerals in the deposits in the Pottsville Formation are carnotite, tyuyamunite, and uranophane. Carbonaceous material is rare. Selenium has not been recognized in samples from the Pottsville deposits. Uranium minerals in the deposits in the Catskill Formation are autunite, kasolite, uranophane, and uraninite. Carbonaceous material is rare. Clausthalite (PbSe) has been recognized in the deposits at Penn Haven Junction (Klemic and Warman, 1956, p. 315-316) . Interstitial uraninite occurs in a zone that includes layered concentrations of heavy minerals (magnetite, allanite(?), zircon, ilmenite(?), leucoxene, tourmaline, apatite, sphene, hornblende, and garnet).
Clausthalite is most abundant in layers rich in uraninite, except for the layer containing the greatest concentration of uraninite. Here clausthalite is scarce, or absent, although uraninite-rich layers above and below contain abundant clausthalite.
The clausthalite in the rock is thought to be epigenetic, for some of the rock is partially desilicified and space between remnants of quartz grains is filled with holocrystalline euhedral chlorite and with clausthalite and calcite.
Selenium analyses for 19 samples and uranium analyses for 9 samples are shown in table 1. It may be noted there is no apparent correlation between selenium and uranium contents of these samples. The selenium contents of these samples are low compared to the contents of selenium of many samples from other districts discussed in this report.
MORA COUNTY, N. MBX.
Small commercial-grade sandstone-type uranium deposits occur in the lower 2,000 feet of the Sangre de Cristo Formation of Pennsylvanian and Permian age in the Coyote district, Mora County, N. Mex. Location of the deposits is shown on figure 1. Associated copper deposits are also uraniferous, but uranium grade and reserves are too low to permit recovery of the uranium.
The uranium deposits are small closely spaced pockets apparently localized by sedimentary structures within one or more fluvial arkosic sandstone beds (Tschanz, Fuller, and Laub, 1958 Minerals present in the deposits include malachite, chalcopyrite, various vanadium minerals, metatyuyamunite, and microscopic grains of an unidentified black uranif erous substance. The proportion of copper to uranium and vanadium is variable, and any one of these metals may be the most abundant in a given deposit.
In general, the uraniferous sandstones of the Coyote district have a higher content of copper, lead, rare earths, and other minor constituents than uranium ores from the Morrison Formation and Shinarump Member of the Chinle Formation of the Colorado Plateau. Lead and rare earths are concentrated in the sandstone, and with uranium in the heavy-mineral fraction. A few analyses suggest that selenium is higher in concentration in highly uraniferous sandstone as is shown by the data in table 2. Selenium is probably present as iron selenite (Byers and others, 1938) , but may be in selenide form or in pyrite or chalcopyrite. 
OKLAHOMA ANT> TEXAS
According to McKay (1957, p. 425-427) , in northern Texas and southern Oklahoma, sandstone-type uranium deposits have been found in two stratigraphic zones of Permian age; the upper half of the Wichita Group in the Red River area; and in the Rush Springs Sandstone of the Whitehorse Group in the Anadarko Basin. No selenium analyses of samples from the Red River area are known to the writer and these deposits will not be discussed further.
In the Anadarko Basin, carnotite and tyuyamunite occur in or near fractures in the Rush Springs Sandstone on the Cement anticline at Cement, Okla. ( fig. 1) . The Rush Springs Sandstone is a thick, festoon-bedded, red, feldspathic, well-sorted sandstone. A selenium analysis is available for only one sample from the Cement anticline deposit; this and other analyses for the sample are given below.
Selenium is present in only a small amount and nothing is known of its relationship to other constituents of the uranium ore sample, or of the form in which it occurs. 
SILVER REEF DISTRICT, UTAH
Uranium ore in the Silver Reef district occurs in thinly bedded, crossbedded shales and sandstones within the fluvial Tecumseh Sandstone (Proctor, 1953) in the Silver Reef Sandstone Member (Proctor, 1950) of the Triassic Chiiile Formation. Location of the district is shown on figure 1.
According to Stugard (1951) , uranium ore from the district contains several times as much vanadium oxide as uranium, some copper, and traces of silver. Ore-bearing beds are lenticular and are localized near the base, in the center, and at the top of Proctor's Tecumseh Sandstone.
Uranium minerals in ores of the district commonly occur as coatings on fracture surfaces and on plant fossils.
Analyses of 10 samples from the district are listed in table 3. The silver deposits of the Silver Reef district cannot be observed today and have not been studied. Apparently the silver ore recovered in the shallow workings of the district was largely cerargyrite. In deeper mines, Butler and others (1920, p. 592) report that below water level both the silver and copper are present mainly as sulphides, with a little native silver. Newberry,1 however, states that the average of four analyses of silver ores showed 0.23 percent of selenium and 0.26 percent of silver, 1 Newberry, J. S., 1881, The Silver Reef sandstones: Eng. Mining Jour., v. 31, p. 5. 
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According to Stugard, the absence of major silver workings in the vicinity of the richest uranium-vanadium prospects implies a lack of association between the uranium-vanadium minerals and economic silver deposits.
The uranium, copper, and vanadium minerals found in the Silver Reef district are epigenetic. This implies deposition from solutions passing through the sandstones. It is possible that during deposition of the sandstones the metals were fixed by carbonaceous material and were later redeposited in their present position. The probable origin of the metals in the solutions has not been determined.
The presence of native silver and silver sulfides below the water table (Butler and others, 1920, p. 592) suggests the possible presence It is believed that the metals in the Silver Reef sandstone were primary constituents of original volcanic tuffs in the Chinle formation. These metals were dissolved and/or mechanically transported by streams which were eroding the tuffaceous sediments. They were deposited with the sandstones and shales of the Silver Reef area. Further concentration of the metals of the Silver Reef sandstone was (1) by solution in circulating ground waters and (2) by precipitation because of contact with entombed plant debris and associated bacteria.
Selenium contents of the samples listed in table 3 are low and selenium in the deposits shows no marked correlation with any other element for which analyses are available. The form in which selenium occurs is not known.
BLACK HILLS IN SOUTH DAKOTA AND WYOMING
The uranium deposits of the Black Hills in South Dakota and Wyoming, occur in nonmarine quartzose sandstones of the Inyan Kara Group of Early Cretaceous age. The group, 500 to 600 feet thick, comprises, in ascending order, the Lakota Formation, consisting of three members, the Chilson, Minnewaste, and Fuson; and the Fall River Formation. The formations are composed of sandstone, mudstone, and interbedded sandstone and siltstone. Robinson and Gott (1958) have published a useful summary of the setting of the uranium deposits and of the general features of the Black Hills. Locations of areas of deposits discussed are shown on figure 2.
Most of the uranium deposits of the Black Hills are of the oxidized type. The important ore minerals of these deposits are carnotite and tyuyamunite, but other minerals have been recognized, among them corvusite, rauvite, and autunite. Uraninite is the principal ore mineral at a few of the mines.
Deposits carrying rauvite, corvusite, uraninite, and pyrite are considered by the writer to be less oxidized than deposits carrying carnotite and limonite and commonly occur in thin sandstone interbedded with highly carbonaceous mudstones. Deposits carrying carnotite and tyuyamunite commonly occur in the thicker sandstones, and are considered to be highly oxidized.
Ore in both highly oxidized and less oxidized ore bodies forms both conformable tabular masses and irregular pod-shaped bodies that transgress textural boundaries and structures in the host rocks. As is usual in sandstone-type uranium deposits, the ore minerals occur as coatings on sand grains and in joints as interstitial fillings in the sandstones, and as fracture fillings. Tables 4 through 11 T-Se-69B_.
NORTHERN BLACK HILLS AND CARIHE MINE
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Vickers mine
Other localities
T-Se-59B..
T Se 50O
T-Se-70.__. Two samples, one from Homestake Pit 1 (table 5, field sample 79CR56), and one from Homestake Pit 7 (table 6, field sample D-97-57), contain markedly more selenium than any other samples. These two samples are iron-stained, locally carbonaceous, fine-grained sandstone and contain, respectively, 900 and 800 ppm selenium.
In general, selenium content of most of the samples from the Northern Black Hills is low, and no relation between selenium contents and contents of any other metals appears to exist, although the sample from Homestake Pit 7 (table 6, field sample D-97-57) containing 800 ppm selenium is also the most manganiferous, and one of the most cuprif-C16 CONTRIBUTIONS TO ECONOMIC GEOLOGY erous of the samples from this pit. Selenium is probably present in these deposits as iron selenite (Byers and others, 1938) associated with limonite or hematite. Elemental selenium probably occurs locally, although none was recognized in the field. Figure 3 shows the relation of the nine samples whose analyses are reported in table 6. No correlation exists between selenium content of samples and the location, or physical characteristic of the host rock.
Six carefully selected samples from a natural exposure of part of the uranium ore-bearing horizon of the Fall River Formation were analyzed chemically and spectrographically. The uranium deposit at the Carlile mine ( fig. 2 ) in the Carlile area, Crook County, Wyo., is a concentration of carnotite and tyuyamunite in sandstones of the Lakota Formation (Bergendahl, Davis, and Izett, 1961) . Causes for localization of the uranium minerals are probably sedimentary structures, and differences of permeability in the host rock. Bergendahl, Davis, and Izett (1961) state that the mineralogy of the Carlile deposit, and the lithologic features of the sandstone host rock suggest that uranium and vanadium were transported in the high-valent states by carbonate or sulfate solutions, were extracted from solution by organic material and were reduced to lowvalent states to form an assemblage of oxides and silicates. These primary minerals were oxidized in place and the present carnotitetyuyamunite assemblage was formed.
In general, radioactivity analyses of samples correspond very closely with the chemical analyses for uranium; thus it is probable that only minor solution and migration of uranium has occurred since the present suite of oxidized minerals was formed. This is of interest because the five samples seem to show a gross positive relationship between selenium content, and uranium, arsenic, and zinc content.
Following are selenium and other analyses for five samples from the Carlile uranium deposit:
Analyses of selected samples from the Carlile mine
[Analyses by C. G. Angelo, J. P. Schuch, Claude Huffman, J. S. Wahlberg, and G. T. Burrow The selenium in these samples probably is in the selenite state, associated with iron in limonite and hematite. This type of occur-CIS CONTRIBUTIONS TO ECONOMIC GEOLOGY rence in the Gas Hills in Wyoming has been discussed by Lakin and Trites (1958) . Some selenium possibly is present in elemental form, but it was not recognized in the field.
SOUTHERN BLACK HHIS-GOUID HIRE
The Gould mine in the Edgemont area ( fig. 2 ) has been well described by Cuppels (1962) and much of the descriptive material following has been taken from his report.
The Gould mine is in one of the largest oxidized uranium deposits of the Black Hills. The deposit consists of concentrations of hydrated vanadates of uranium distributed irregularly through a zone 1 to 15 feet thick near the middle of a thick sandstone of the Lakota Formation. Cuppels states that the distribution of uranium has been controlled by fractures and differential permeability of the host rock. He believes that the deposit is the product of a redistribution of the components of an earlier unoxidized ore body.
Selenium and other analyses of 63 samples collected at the Gould mine by Cuppels, and other geologists are presented in table 8 .
No meaningful relation between selenium content of samples and any other measured constituent is shown. Some reasons for this lack of correlation, and the generally low selenium content of the Gould deposit, are discussed later in this report.
The form in which the small amount of selenium present occurs is not known. 
C20 CONTRIBUTIONS TO ECONOMIC GEOLOGY DEPOSITS IN CENOZOIC BOCKS
According to Finch (1956) uranium occurs in Cenozoic rocks in the Wyoming basins, and the northern Great Plains region; in the Gulf Coastal Plain in Texas; in the Nevada basins; and in California lake beds. In the Wyoming basins and the northern Great Plains region, uranium and uranium-vanadium deposits occur mainly in sandstone (commonly tuffaceous and muddy) and arkose formations that range from Paleocene to Pliocene in age. In the Texas Coastal Plain region, oxidized uranium deposits with minor amounts of vanadium and copper occur in tuff and sandstone formations of Eocene and perhaps Oligocene age. In Nevada and California, uranium deposits occur in tuffaceous sandstones of the Miocene and Pliocene lake beds.
Selenium analyses are available from some deposits of the Wyoming basins and the Texas Coastal Plain; consequently, these deposits are discussed in this report.
NORTHERN POWDER RIVER BASEST
According to Sharp, McKeown, McKay, and White (1956) ore deposits in the Pumpkin Buttes, or northern area, of the Powder River Basin of Wyoming ( fig. 1) , occur in the Eocene Wasatch Formation, which is about 1,500 feet thick and is composed of claystone, siltstone, lignite, carbonaceous shale, sparse limestone beds, and sandstone.
The deposits occur in sandstone in an elliptical area of about 300 square miles, with Pumpkin Buttes in the center. Within the area about 1,000 feet of the Wasatch Formation is exposed. Sandstone lenses containing ore are in the lower half of the exposed section.
Chief uranium minerals are uranophane, metatyuyamunite, carnotite, and uraninite. Paramontroseite is associated with secondary uranium minerals in several deposits.
Occurrences of uranium are classified by their habits and mineralogic associations. Three main types of occurrences are recognized: uranium minerals disseminated in porous sandstone, or concentrated around calcite-enriched sandstone; oxidized uranium minerals closely associated with manganese oxide concretions; and uraninite concretions occurring with pyrite.
In general, disseminated uranium minerals are found in buff sandstone lenses especially at or near the contact of buff sandstone with red sandstone. The uranium minerals occur chiefly as interstitial fillings, replacing calcite, or filling cracks in calcite. Field testing has shown that these deposits are not very seleniferous.
The nodular ores consist of secondary uranium minerals associated with concretionary nodules of black iron-rich manganese oxide, which cements and replaces sandstones. The nodules are found within red SELENIUM IN SANDSTONE-TYPE URANIUM DEPOSITS C21 sandstones and seem to have no consistent areal or stratigraphic pattern of distribution within individual sandstone lenses. Field testing indicates that the selenium content of these deposits is low.
Uraninite that cements sands into rounded concretionary nodules is found in places at two of the larger mines of the area, although most of the ore at these deposits is oxidized. The uraninite is commonly associated with pyrite. The pyrite occurs either as the core of a rounded mass of uraninite or as a small rounded mass at the edge or within the mass of uraninite. All uraninite concretions are surrounded by a thick layer of oxidized uranium minerals. Uraninite rims sand grains and fills interstices.
The pyrite-uraninite deposits contain high concentrations of selenium. Table 9 lists analyses of five samples from the deposits of this type. Crystalline elemental selenium occurs locally in these deposits and probably also occurs as a substitute for sulfur in pyrite.
The uranium deposits of the northern Powder River Basin are thought to have been formed by the redistribution and concentration of the original uranium, vanadium, iron, and manganese contents of the sandstone lenses. 
SOUTHERN POWDER RIVER BASIN
The uranium deposits of the southern Powder River Basin ( fig. 1 ) are similar to those of the Pumpkin Buttes area to the north, and, according to Sharp and White (1955) , are in a zone of randomly spaced red, or partly red, sandstone lenses that extend northward to the Pumpkin Buttes area along the center of the exposed Wasatch Formation.
Uranium deposits tend to be located at the color contact between red sandstone and gray-buff sandstone. Sharp and White (1955) state that along this contact concretions of uranium minerals tend to concentrate in a zone peripheral to calcite; that coalified wood fragments are abundant in the deposits; and that yellow uranium C22 CONTRIBUTIONS TO ECONOMIC GEOLOGY minerals are abundant on these fragments in some places. Carnotite and tyuyamunite are the ore minerals. Uranophane is sometimes found and where present generally occurs with manganese oxide nodules. Manganese oxides enclose or are mixed with uranium minerals and are found in red sandstone.
Field testing seems to demonstrate that deposits consisting largely of uranophane associated with manganese oxide nodules are low in selenium content. However those deposits consisting largely of carnotite or tyuyamunite are often locally highly seleniferous. Table  10 presents the analyses of samples from a carnotite-type deposit mined by the Sodak Mining Co. Figure 4 shows the relation of the samples. Selenium is present in elemental form, and is associated with iron in limonite, and with hematite(?), where the selenium is probably mostly in the selenite state (Byers and others, 1938) . 
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The data seem to show a highly seleniferous halo around the most uraniferous rock. Distribution of sodium seems to parallel distribution of selenium but there are no clear-cut correlations between selenium content of samples and the contents of any other elements for which analyses are available. Table 11 shows the analyses of 4 samples of a "concretion" from a mining pit in the southern Powder River Basin. The banding of the selenium concentration is very obvious, and there is a suggestion that selenium is forming a halo around the most uraniferous material. In this concretion there appears to be a correlation between selenium and sodium, and selenium and chromium, but there were so few samples analyzed that this relation may not be a real one. Finch (1956) states that uranium deposits in Tertiary rocks occur in tuff and tuffaceous sandstone formations of late Eocene or early Lligocene age in southeastern Texas and in a limy sandstone unit of Pliocene age in western Texas. The small deposits in western Texas, which contain less vanadium than uranium, consist of metatyuyamunite in vugs in limy sandstone.
Large oxidized uranium deposits containing minor vanadium and copper occur in southern Texas in the flat-lying Jackson Group of Eocene age and possibly in overlying beds of Oligocene age. The orebearing beds consist of poorly bedded, mostly unconsolidated, marine, brackish-water, nearshore deposits and of continental beds of lightcolored tuff, sand, and sandy clay.
Yellow and green uranium minerals, probably uranium phosphate and silicate minerals, occur along fractures, bedding planes, and disseminated in the rock. Large amounts of arsenic and molybdenum are reported to occur with the uranium. The most uraniferous rock appears to be associated with hydrated iron oxides, bentonite, and rocks that are characterized by mixed and irregular bedding. Carbonaceous material is rare and commonly shows no spatial relation to the ore. The deposits range in size from bodies a few feet across to those that contain many thousands of tons of ore.
According to Eargle and Snyder (1957) , uranium minerals or radioactive rocks have been found in tuffaceous sand, silt, or bentonitic clay in at least 7 different stratigraphic positions ranging in age from late Eocene to Pliocene. The known radioactive minerals occur in the Goliad Sand of Pliocene age, the Oakville Sandstone of Miocene age, and the Catahoula Tuff of Miocene (?) age in Duval County; in the Oakville Sandstone and the upper 500 feet of the Jackson Group in Karnes County; and in the Catahoula Tuff in Gonzales County (general location of the deposits in Karnes County is shown on fig. 1) .
In Karnes County uranium minerals have been found only rarely deeper than 30 feet below the surface chiefly filling interstices between, and replacing, the grains of a sandstone that lies above impervious clay. Some of the clay also contains uranium minerals, generally as a coating along joint and bedding planes. The richest concentrations of uranium, however, are found in sand that has a clayey matrix. Some of the sand beds contain clay pebbles and small fragments of carbonaceous material.
Although detailed mineralogic studies have not been made, the following uranium minerals have been identified: Autunite, carnotite, tyuyamunite, uranophane, schroeckingerite, and schoepite. Other C26 CONTRIBUTIONS TO ECONOMIC GEOLOGY epigenetic minerals such as pyrite, hematite, sphalerite, and ilsemannite are associated with the uranium minerals at one prospect. Detrital minerals of the ore-bearing sandstones include many derived from igneous rock sources. A. D. Weeks (1956) noted pyrite and marcasite in drill cores from two prospects; Coleman and Delevaux (1957) reported sulfides from drill core containing as much as 240 ppm selenium.
In the walls of pits at one prospect, uranium minerals are found chiefly near the base of the channel-filling sandstones, closely associated with dark streaks of manganese dioxide and disseminated through the clayey material beneath the sands, particularly along joint and bedding planes. The deposits probably are in either the basal beds of the sands and clays of the Dubose Member of the Whitsett Formation or in the upper part of the Stones Switch Sandstone Member of the Whitsett Formation. Eargle and Snyder (1957) believe that the source of the uranium was in the tuffaceous sediments and that the uranium leached from the tuffaceous sediments was concentrated by evaporation or by interaction with clays and carbonaceous or other materials where ground waters were concentrated in stratigraphic or structural (fault) traps or channels. pies is low and there appears to be no relation between the selenium and uranium content of the samples.
BAGGS AREA, WYOMING AND COLORADO
The uranium deposits of the Baggs area (figure 1) are in the Miocene (?) Browns Park Formation, and are much like those already described in Tertiary rocks in other areas for example, those in the southern Powder River Basin. Prichard (1956) reports that uranium, selenium, molybdenum, and arsenic occur together at the top of the unoxidized, and in the lower 3 feet of the oxidized, zone in the uranium deposits of the Poison Buttes claim group. Secondary uranium minerals are present higher in the oxidized zone, but selenium, molybdenum, and arsenic are present in only very small amounts, or are entirely absent. Data in table 13 illustrate the relation of the metals to the top of the unoxidized zone. There seems to the writer to be little doubt that a zone of secondary enrichment exists in these deposits approximately at the contact of the oxidized and unoxidized zone. Presumably, selenium has been leached from rocks higher in the section, moved downward, and redeposited near this contact. This secondary enrichment results in a gross positive correlation between selenium and uranium, arsenic and molybdenum in samples from this district.
Some elemental selenium is present in these deposits, but much of the selenium of the enriched zone is probably substituting for sulfur in sulfide minerals. It is possible that some selenide minerals occur, but to this date, none have been recognized .  Table 14 presents analyses of 12 other samples from the area. These analyses suggest that in the Poison Basin area as a whole there is no detailed and systematic variation of selenium content with the content of any other element for which analyses are available. 
DISCUSSION
Selenium, generally considered to be a rare and dispersed element with a low crustal abundance (0.09 ppm, Goldschmidt, 1954) has been shown by the data presented in this report to be greatly enriched in some oxidized sandstone-type uranium deposits. The data also demonstrate the erratic distribution of selenium in many deposits of this type and also that it is difficult to correlate selenium content with the content of any other analyzed constituent of these deposits.
However, three patterns of selenium distribution, probably caused by oxidation subsequent to original deposition of uranium and selenium, can be recognized. 1. The first pattern is exemplified by the Carlile uranium deposit of the northern Black Hills which shows a correlation between selenium and uranium contents, and between selenium and some other measured constituents of the deposit. Bergendahl, Davis, and Izett (1961) have stated that this deposit consists of secondary uranium minerals that are thought to have formed by oxidation in place of primary uranium oxide and silicate minerals. 2. The deposit at the Gould mine in the southern Black Hills, on the other hand, is said to be the product of movement and redistribution of the components of an earlier unoxidized uranium deposit (Cuppels, 1962) . The present uranium deposit is an example of pattern two; selenium contents are low, and there seems to be no demonstrable relation of selenium content to the content of any other measured constituent of the ore body. It must be pointed out at this juncture that both the Carlile and Gould deposits are at this time entirely in the zone of oxidation. 3. Prichard's data (1956) , from the Poison Buttes claims near Baggs, Wyo., present a picture of pattern three: supergene enrichment of selenium, arsenic, molybdenum, and uranium at the top of the present unoxidized zone. At this deposit it seems almost certain that the metals were deposited in what is now the oxidized zone, were mobilized during oxidation, moved downward a short distance, and redeposited under reducing conditions. Great concentrations of these metals occurred as a result of this process. The chemical reasons for the somewhat different behavior of selenium and uranium in each of these deposits have been summed up ably by Lakin and Trites (1958) , and Garrels and Christ (1959) . A statement of the findings of these workers as they relate to the distribution of selenium and uranium in the deposits described here may not be out of place.
In all three deposits, selenium was probably originally present in selenide form, or substituting for part of the sulfur of sulfide minerals. Such occurrence of selenium has been shown by Coleman and Delevaux (1957) to be common in sandstone-type uranium deposits of the western United States. Uranium was most likely present in silicate or oxide minerals.
Oxidation, without too much circulation of ground or meteoric water through an oxidizing ore body, will break down selenide and sulfide minerals to elemental selenium, selenites, and eventually to selenates and sulfates. Elemental selenium and selenites are rather insoluble and will stay in place even under severe leaching conditions, but sulfate salts are more soluble and are in large part removed by leaching. Uranium oxide and silicate minerals will, under such conditions, and in the presence of vanadium, oxidize to carnotite and tyuyamunite stable vanadate minerals and are likely to stay in place. The Carlile deposit shows such a pattern of metal distribution.
Presumably at the Gould deposit oxidation began in the same way as at the Carlile deposit, but at the Gould deposit sufficient water was present to permit leaching and removal of some constituents of the deposit relative to other constituents. Selenium in the selenate state is leachable and probably was rapidly removed. Cuppels (1962, p. 82) notes that uranium seems to have been moved only short distances, for radioactivity determination of uranium daughter products, and chemical analyses for uranium indicate that the bulk of the Gould deposit is in equilibrium. There is an excess of vanadium at this deposit indicating that more than enough vanadium was present at the start of the oxidation process to retain uranium in the deposit
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by rapidly tying it up in the vanadate minerals carnotite, tyuyamunite, and metatyuyamunite.
At the Poison Buttes claims near Baggs, Wyo., a rather different sequence of events seems to have taken place. The reduced uranium minerals, and selenium-containing minerals of the original deposit presumably were oxidized in the presence of a moderate amount of water and both uranium and selenium were mobilized.
As noted before, selenium in the selenate state is leachable in water, and is here presumed to have migrated downward. Uranium freed by oxidation from the reduced ore minerals probably joined with sulfur freed from oxidizing sulfide minerals to form water-soluble uranyl sulfate salts, and in the absence of sufficient vanadium to form insoluble vanadates, it too moved downward. The metals thus were carried to the boundary between the zone of oxidation and the reduced zone, probably the water table, and were there reprecipitated forming the enriched deposit that is the present ore deposit.
Regarding the ultimate source of the selenium in seleniferous sandstone-type uranium deposits, there can be no more certainty than for the uranium in the deposits, because it seems almost certain that the selenium and uranium were concentrated in the deposits at the same time. As anyone who has kept up with geologic literature describing or discussing the origin of sandstone-type uranium deposits is aware, there are nearly as many hypotheses of origin of such deposits as there are deposits; some argue that the deposits are hydrothermal, others that they have accumulated by concentration of uranium contained in the host rock when the host rocks were deposited. Still others suggest that the deposits have been formed by uranium which was deposited in other nearby rocks, particularly tuffs, leached from these source beds and deposited in the present host rocks.
Any or all of these arguments can be called upon to explain the presence of selenium in these uranium deposits, for certain parallels in behavior and distribution between the two metals have been recognized. Garrels (1957) for example has suggested that alkaline solutions have probably been the transporters of the uranium now found in sandstone-type deposits. Lakin (oral communication, 1958) states that it is his opinion that alkaline solutions are probably better carriers of selenium than neutral or slightly acid solutions.
The fact that selenium is transported by hydrothermal solutions is well shown by a study (Davidson, 1960 ) of a number of seleniumbearing silver and antimony deposits. It may also be concluded that selenium and uranium may be carried together in hydrothermal solutions because selenium minerals are known to occur in pitchblende deposits (S. C. Robinson, 1950) .
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The suggestion made by Denson (1955) , Eargle and Snyder (1957) , and others that the uranium in at least some sandstone-type deposits is derived from tuffs or rocks containing volcanic ash and detritus is of interest to the writer, because he (Davidson and Powers, 1959) has demonstrated that some volcanic ash, and some rocks made up of volcanic ash contain selenium.
Selenium and uranium probably occurred together in most sandstone-type deposits as they were first constituted, for selenium occurs with uranium in every "black-ore" deposit sampled by the writer in connection with selenium work.
It should be noted that nearly all the deposits discussed in this paper are in a sense really gossans, and that in order to understand the origin of these deposits it is necessary to understand something of the origin of the preexisting deposits from which they formed.
